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MATERIAL  -  ADHSglVE  -  HSXCEL  HP422 
VOLATILB  BY  PRODUCTS  -  DETERMINATION  OP 


PURPOSE 


During  the  bonding  cycle  In  which  Hexcel  HP422  adhesive 
l8  used,  certain  volatile  or  gaseous  products  ai»e'  giydn  off 
by  the  adhesive.  Thette  gases  are  caused  by  chemical 
reactions  within  the  adhesive  during  the  curing  pro(fess 
and  result  In  a  bubbll.ng  or  frothing  of  cne  adhesive 
while  It  Is  In  the  ll([uld  stage.  Also,  In  some  cases, 
there  may  be  a  bvilld-tip  of  pressure  within  the  panel  due 
to  these  gases  resulting  In  poor  bonding,  therefore, 
this  test  Is  requested  for  the  purpose  of  detexmilnlng 
at  what  time  and  temperature  venting  of  a  bonded  panel 
Is  necessEUPy  to  release  the  volatile  by-pipoducts. 


SUMMARY 


Samples  fz>om  seven  different  rolls  of  tape  were  tested. 

The  averjige  total  recovered  amount  of  volatile  material 
given  off  by  8  square  Inches  of  tape  (having  an  average 
weight  of  4^6690  grams)  was  0,2274  grams  or  about  4  grams 
per  sq\iare  foot.  This  indicates  that  approximately  5^  of 
the  total  weight  of  HP422  tape  is  given  off  as  volatile 
material  during  the  bonding  process.  Analysis  of  this 
volatile  material  showed  1.3^  ammonia  and  b.SjS  phenol. 

The  remaining  91*9^  water  given  off  as  steam  with  a 
trace  of  formaldehyde. 

The  percent  of  the  volatile  material  coming  over  diu?lng 
the  first  15  minutes  while  heating  up  to  230°P  ranged 
from  52.5/6  to  84.0JS  of  the  total  amount  obtained.  During 
the  next  30  minutes  while  the  temperature  rose  from  230°P 
to  250°P  the  percent  of  volatiles  coming  over  ranged  from 
13 <2^  to  43.8^.  Volatiles  coming  over  from  250op  to 
350®P  rEuiged  from  2,7^  to  6,55^  of  the  total  amount  obtained. 
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OBJECT; 


To  determine  the  volatile  by-products  of  Hexcel  HP422 
adhesive  given  off  during  bonding  as  a  function  of  the 
time  and  temperature «  and  to  determine  the  possible 
relationship  between  the  volatile  by-products  and  the 
flow  value  of  Hexcel  HP422  adhesive. 

MATERIALS  AND  APPARATUS; 

A;  Materials 

10  sq.  yds,  Hexcel  HP422  adhesive  Hexcel  Products 

Oakland,  California 

10  liters  acetone  Convalr  Stock 

Technical  grade 


1  cylinder  dry  helium 
25  lbs.  dry  ice 


U.  S.  Bureau  of  Mines 
Amarillo,  Texas 

Liquid  Carbonlcs  Co. 
Fort  Worth,  Texas 


B.  Apparatus 

Distillation  apparatus 

Variable,  heating  bath 
Standard  analytical  equipment 


Engineering  Chemistry 
Laboratory  Stock 

It  II 

II  II 


Bonding  presses 


Convalr  shop  made 


PROCEDURE ; 

A  weighed  amount  of  the  adhesive  was  given  the  required 
time-temperature  cure  cycle  In  a  distillation  type 
apparatus  surrounded  by  a  controlled  heating  bath  of 
Cerrobend  metal  as  shown  in  Figure  3^.  During  the  heating 
cycle  the  system  vias  flushed  with  a  stream  of  dry  helium 
to  carry  off  the  volatiles.  These  were  caught  in  a  cold 
trap  composed  of  Blout  tubes  in  a  bath  of  acetone  and  dry 
ice.  The  heating  cycle  was  divided  Into  three  steps  as 
follows; 

1.  From  room  temperature  to  230®F  In  15  minutes. 

2.  From  230 "F  to  250*F  In  30  minutes. 

3.  From  250*P  to  350 *F  In  15  minutes. 

The  heating  bath  was  controlled  so  that  the  tape  sample 
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followed  this  heating  cycle.  The  volatile  material  from  each 
step  was  collected  In  a  separate  Blout  tube.  After  the  rvin, 
each  tube  was  weighed  and  the  weight  of  volatile  material  coming 
over  during  each  step  was  determined.  The  total  Eunount  of  volatllet 
during  a  rvui  was  determined  by  adding  the  Individual  amounts  col¬ 
lected  for  each  step.  From  this  total  and  from  the  original  weight 
of  the  tape  sample,  the  percent  of  the  original  weight  of  the  tape 
given  off  as  volatile  material  was  calculated.  One  sample  was 
selected  for  composition  analysis  In  order  to  determine  the  com¬ 
pounds  present.  The  ammonia  was  determined  by  the  KJeldahl  method. 
.The  phenol  was  determined  by  treating  an  aqueous  solution  of  the 
recovered  volatiles  with  bromine  water  which  precipitated  the 
trlbromlnated  phenol  compound.  The  precipitate  was  centrifuged, 
washed  and  weighed.  The  quantity  of  phenol  present  In  the  original 
solution  was  calculated. 

The  flow  values  were  determined  according  to  the  following  pro¬ 
cedure: 

A  4"  X  4"  sample  Is  cut  from  a  smooth,  non-wrlnkled  section 
of  the  tape  and  weighed.  The  weight  of  the  polyethylene 
cover  Is  subtracted  to  obtain  the  actual  weight  of  the  adhesive 
and  carrier  cloth.  After  removal  of  the  polyethylene  covers, 
the  adhesive  Is  placed  between  two  sheets  of  aluminum  foil  and 

- - j cured  between  parallel  aluminum  plates  In  a  heated  press  at 

275®F  and  25  psl  pressu3.'e  for  10  minutes.  The  sample  Is  then 
removed  from  the  press,  cooled,  and  the  totial  area  covered  by 
the  adhesive  flow  is  measured  with  a  planlmeter.  The  flow  Is 
calcvdated  as  follows: 

Ft  r  At 

. Wa  'O'.y'j - 

where  Ft  ■  Total  flow 

At  s  Total  eu'ea  covered  by  the  adhesive  and  the  flow  out 
Wa  :  Weight  pf  the  adhesive  and  cloth  carrier 
0.73  s  Weight  In  (pi'ams  of  the  cloth  ceirrler 

RESULTS 

The  total  amount  and  percent  of  volatile  material  from  veirlous 
tape  samples  are  listed  In  Table  I.  Table  II  shows  what  part  of 
the  total  amount  came  over  at  three  different  time-temperature 
points  In  the  cure  cycle  along  with  the  percent  of  the  total 
amount  the  particular  part  represents.  The  composition  of  the 
sample  which  was  analyzed  Is  given  In  Table  III,  and  the  flow 
values  are  listed  In  Table  IV.  A  summary  giving  the  meixlmum, 
minimum  and  average  amouhts  of  volatile  material  with  regard  to 
time  and  temperatTire  are  shown  In  Figure  2. 
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DISCUSSION 

The  calculation  of  the  percent  volatile  material  given 
off  by  the  adhesive  was  brsed  on  the  weight  of  the 
volatile  material  actually  recovered.  Consequently,  this 
value  ml^t  be  slightly  low  since  It  was  Impossible  to 
recdver  all  of  the  volatile  material  given  off.  However, 
the  weight  of  the  material  recovered  was  compEired  with  the 
weight  loss  of  the  tape  and  approximately  90^  recovery  was 
found. 

Die  amounts  of  phenol  and  eunmonla  ivere  determined  by  stan- 
dELPd  analytical  methods  an  outlined  In  the  procedure. 

The  remaining  portion  of  the  volatile  material  was  assumed 
to  be  water  based  on  the  appearance  of  the  condensate  and 
the  fact  that  the  majority  of  the  material  distilled  below 
230®P.  Although  the  odor  of  fomaldehyde  could  definitely 
be  detected,  specific  tests  (semlcarbazon  test,  2-4 
dlnltrophenylhydrozone  test,  sodium  bisulfite  test)  gave 
negative  results.  Ihe  odor  of  phenol  and  formaldehyde 
could  be  detected  In  the  material  coming  over  at  the  lower 
temperatures.  Die  volatiles  coming  over  Eifter  350®P  gave 
off  the  odor  of  ammonia. 

It  had  been  suggested  that  a  sample  of  adhesive  be  heated 
from  room  temperature  to  350OP  in  15  minutes  and  the  volatiles 
collected  and  analyzed.  Dils  could  not  be  done  with  the 
apparatus  used  since  a  8u:rflclently  rapid  rate  of  heating 
could  not  be  obtained. 

There  was  no  correlation  between  flow  values  and  percent 
volatile  material,  eiI though  there  was  a  considerable  spread 
between  the  flow  values. 

CONCLUSION 

Die  volatile  products  given  off  by  HP422  adhesive  during 
bonding  were  determined  as  a  function  of  time  and  temperature. 
Die  data  Is  presented  In  Tables  I  Euid  II.  In  addition,  the 
composition  of  the  volat Her:  products  was-  determined  >»nd 
found  to  be  91.9^6  water,  6.855  phenol,  1.356  ammonia  and  a  trace 
of  formaldehyde.  The  flow  falues  for  the  adhesive,  also 
determined  emd  presented  in  Table  IV,  have  no  relationship  to 
the  volatile  material  given  off  during  the  heating  cycle. 
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TABrjK  I 

Weight  and  Percent  of  Volatile  Material  Obtained  From  Samples 
of  Hexcel  HP422  Adhesive  Heated  to  350^?  Over  a  Period  of  1  Hoxir. 


4.5847 


4.7140 


4.7966 


4.4933 


5.0117 


4.4138 


.1767 


.2507 


.2467 


.2120 


.2667 


.2140 


^  OF  TAPE  WHICH  IS 
r-TrOIATILEF.MATERIAL 


3.85 


5.32 


5.14 


4.72 


4.85 


♦  Each  sample  represents  8  square  Inches  of  tape. 


Ttifif  weight  listed  Includes  that  of  the  glass  cloth  carrier. 
1  ^ 
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TABIE  II 

Weight  and  Percent  of  Volatile  Material  Obtained  at  D1 
Times  During  the  Heat-up  Cycle 

fferent 

TAPE 

ROLL 

NUMBER 

15  MINUTES 

ROOM  TEMP.  230 ®F| 

30  MINUTES 

230*F  250*F 

15  MINUTES 
250*  F  350*:! 

787 

Weight 

obtained 

0.1483  gm 

0.0231  gm 

0.0053  gm 

Percent  of 
total 

64.0 

13.0 

3.0 

272 

Weight 

obtained 

0.1735  gm 

0.0619  CTl 

0.0103  gm 

Percent  of 
total 

71.3 

24.6 

4.1 

853 

Weight 

obtained 

0.1685  gm  i  0.0697  gm 

0.0084  gm 

Percent  of 
total 

68.3 

28.2 

.  515 

Weight 

obtained 

0.1120  gm 

0.0930  gm 

0.0070  gm 

Percent  of 
total 

52.8 

43.8 

3.3 

284 

Weight 

obtained 

0.1800  gm 

0.07^73  gm 

0.0094  gm 

Percent  o^ 
total 

67.5 

27.4 

3.5 

71 

Weight 

obtained 

0.1720  gm 

0.0338  gm 

0 . 0082  gm 

Percent  of 
total 

80.4 

15.8 

3.7 

I 
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TiAIiLE  III 


Composition  of  Volatile  Ilaterlals  Obtained  From  Seuaples 
of  Hexcel  HP422  Adhesive  Heated  to  350°P  Over  a  Period  of 
1  Hour* 


ROLL  NUMBER 
ANALYZED 

PERCENT 

PHENOL 

• 

515 

.  6.8 

PERCENT 

•AA1.IK0NIA 


*  The  remaining  91.9^  of  the  volatile  material  Is  most 
likely  a  mixture  of  water  and  formaldehyde,  as  the 
greater  portion  comes  over  at  temperatures  below 
230Op  and  the  odor  of  formaldehyde  Is  appEirent, 
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TM)LE  IV 

PLOW  VALUES  FOR,  VARIOUS,  SAMPLES  OP 


HEXCEL]/HP422  adhesive 


Determined  by  method  outlined  under  procedure, 
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